Eclogite lenses in the Agualada Unit (western Ordenes Complex, Spain) contain the peak mineral assemblage garnet (prograde rim: AIm = 48 mol%, Pep = 30 mol%), omphacite (Id max = 36 mol%), quartz, rutile and rare zoisite, which equilibrated at T = 700°C and P > 12-14 kbar. Garnet shows discontinuous growth zoning, with a pyrope-poor intermediate zone (Aim = 51 mol%, Pep = 10 mol%) between a core zone where pyrope is slightly higher (AIm = 46 mol%, Prp = 16 mol%) and areas just inward from the rims where the maximum pyrope contents (Alm = 48 mol%, Pep = 30 mol%) are recorded. In atoll interiors, garnet contains inclusions of a first generation of omphacite (Jd max = 40 mol%). This omphacite is replaced in the matrix by a second generation (Id max = 36 mol%) with higher Fe/Fe + Mg ratio. The compositions of garnet and omphacite suggest a complex syneclogitic tectonothermal evolution for the Agualada Unit, characterized by: (I) eclogite-facies metamorphism (T = 585°C, P> 12-13 kbar), followed by (2) cooling during a slight decompression (T= 500°C, P> 11-12 kbar), and (3) a final increase in P and T to form the garnet rim-matrix omphacite mineral assemblage. The Agualada Unit is part of a subduction complex which affe cted the Gondwana margin at the beginning of the Variscan cycle. The P-T evolution of the Agualada eclogites is closely related to the structural evolution of the accretionary complex and the whole orogenic wedge. The cooling event recorded by the Agualada eclogites may have resulted from the accretion of a new colder crustal slice under the unit, whereas the final progradation reflects the emplacement of the Agualada Unit directly under the mantle wedge. This evolution fits well with previously presented theoretical models, both for the tectonothermal evolution of accretionary complexes and for the dynamic evolution of orogenic wedges. P-T paths such as the one for the Agualada Unit eclogites, probably reflect a prolonged structural evolution. Although evidently rarely preserved, such paths are probably the rule rather than the exception during plate convergence.
Introduction
The initial evolution of orogenic belts generally involves the subduction of continental slabs to great depths, as is documented in Alpine collisional belts (Ernst, 1971; Mattauer, 1983; Chopin, 1984; Platt. 1986) and in older orogens (Austrheim and Griffin, 1985; Matte et aI., 1993; Arenas et aI., 1995; Martinez Catalcin et aI., 1996) . The preservation of lithologies with high-P metamorphic parageneses in these oro genic terranes and especially the exhumation mecha nism of these lithologies, has been the subject of much research (Platt, 1986 (Platt, , 1987 . Some models usually propose a shortening of the descending slab during subduction, because of the density contrast between this slab and the lower crust or the mantle wedge. This shortening has to be accommodated by folding and/or imbrication of the subducted materi als. Relationships between these tectonic mecha nisms and metamorphic processes are mode led by solving the heat flow equation to obtain theoretical P, T, t paths (Ox burgh and Turcotte, 1974; England and Thompson, 1984; Royden and Hodges, 1984: Davy and Gillet, 1986; Peacock, 1990; Peacock et aI., 1994) . However, determination of the actual P, T, t paths followed by a high-P metamorphic rock is somewhat more difficult, as the high-P metamor phism is developed at the beginning of the orogenic cycle and its mineral assemblages are in general strongly overprinted by subsequent tectonothermal events.
This article describes the characteristics and geo dynamic implications of the tectonothermal evolu tion of some eclogites from a subducted slab. The most outstanding characteristic of these rocks is the preservation of prepeak mineral assemblages as mi cro-inclusions in the eclogite-facies mineral s. The micro-inclusions and the garnet compositional zon ing are combined to obtain a syneclogite facies P-T path we attribute to the imbrication of two subducted units.
Geological setting
The Agualada Unit is located at the base of the northwestern part of the Ordenes Complex. The Or denes Complex is a large allochthonous klippe in the northwestern Iberian Massif (Fig. 1) . In this region, a complete transition occurs from the external zones to the innermost part of the European Variscan Belt. These structures have been named Allochthonous Complexes because they consist of several tectonos tratigraphic units, which can be differentiated both by their lithologies and different metamorphic evolu tion, and because they are tectonically emplaced over a parautochthonous metasedimentary sequence (for fu rther details see Martinez Catalan et aI ., 1984; Arenas et aI., 1986; Gil Ibarguchi and Arenas, 1990; Martinez Catalan, 1990) . The Allochthonous Com plexes consist of three main tectonostratigraphic en sembles, which from bottom to top are the basal, ophiolitic and uppermost units (Figs. I and 2) .
The basal units consist of continental rocks, which include monotonous pelitic and semi-pelitic schists and paragneisses, granitic orthogneisses and scat tered intercalations of metabasites. Radiometric ages obtained in the orthogneiss bodies range between 450-470 Ma (Rb/Sr, whole rock; van Calsteren et al., 1979; Garcia Garzon et aI ., 1981) and 480 Ma (U-Pb in zircons; Santos Zalduegui et aI., 1995), and are interpreted as igneous ages of the granitic protoliths. The metabasites include amphibolite lay ers ranging in thickness from decimeters to a few meters, and small bodies of variably retrogressed eclogite, generally included in the orthogneisses. The basal units show evidence of having had an early high-P and generally low to intermediate-T meta morphism. Eclogites and blueschists were developed from basic protoliths (Van der Wegen, 1978; Gil Jbarguchi and Ortega Girones, 1985) . High-P, low to intermediate-T parageneses are preserved as Si in clusions in albitic porphyroblasts in semi-pelitic schists (Arenas et aI., 1995) and mineral assemblages with pure jadeite are found in quartz-feldspathic rocks (Gil Ibarguchi, 1995) . In many areas, the high-P parageneses are intensely overprinted by mineral assemblages that equilibrated at intermedi ate-Po In highly deformed zones, no relics of this initial event are preserved. The age of the high-P episode is estimated as eo-Hercynian, as suggested by different Rb/Sr ages ranging between 352-370 Ma obtained for eclogites, eclogitic schists and meta granodiorites of the Malpica-Tuy Unit, and gener ally interpreted as cooling ages close to the end of the high-P episode (van Calsteren et aI., 1979; Santos Zalduegui et al., 1995) . Because the basal units crop out under the Variscan suture, which is marked by the position of the overlying ophiolitic units, and they show early high PIT metamorphism, they are interpreted as part of the Gondwana margin sub ducted during convergence with an exotic terrane, represented by the uppermost units (Arenas et aI., 1986; Martfnez Catalan, 1990; Arenas et aI., 1995) .
From bottom to top, the lithologies of the Agual ada Unit are: (1) a very narrow discontinuous band of highly serpentinized ultramafic rocks and amphi bolites associated with the contact of the underlying Santiago Unit; (2) migmatitic paragneisses with am phibolite intercalations; and (3) granitic or thogneisses which contain lenticular bodies of eclog ite in different stages of retrogression (Fig. 2) . Dur ing high-P metamorphism, the migmatitic parag neisses recrystallized to an assemblage of garnet, plagioclase, quartz, kyanite, biotite( ± muscovite) and rutile. During post-eclogite facies decompression of IBERIAN MASSIF CASO ORTEGAl COMPLEX � the unit, the paragneisses partially melted to form leucocratic regions that consist of quartz, plagio clase, kyanite and minor biotite. The orthogneisses show blastomylonitic textures, contain significant amounts of K-feldspar, and lack aluminium silicate minerals. Some of the amphibolites are rich in garn�t and clinopyroxenes. The structure of the Agualada Unit is homoclinal, dipping approximately 45°E. It overlies the Santiago Unit and underlies ophiolitic rocks of the Ordenes Complex. This upper contact is interpreted as an extensional fault because of an apparent discontinu ity in pressure between the Agualada Unit and the ophiolitic rocks (Fig. 2 ). The minimum P estimated for the Agualada Unit is 14 kbar (as will be dis cussed below), but estimated pressures for the ophi otitic rocks did not exceed 9 kbar (Dlaz Garda, 1990) .
The Ophiolitic Units of the Ordenes Complex represent the Variscan suture in the northwest Iberian (Arenas et al., 1995; Martfnez Catalan et al. , 1996) . In the we ste rn Ordenes Complex two superposed basal units cropout; they re ceive the local name s of Santiago Unit and Agualada Unit. The box encloses the Agualada Unit and corresponds to the are a enlarged in Fig. 2 .
Massif (Arenas et al., 1995; Martfnez Cataliin et al.. 1996) . They consist of arnphibolites, metagabbros and ultramafic rocks which are generally highly ser pentinized. Although their metamorphism retlects amphibolite-facies conditions, locally it may reach the intermediate-P part of the granulite facies (Diaz Oarcia, 1990) . 4°Ar /9Ar hornblende ages of rocks from Cabo Ortegal, Bragan�a and Morais Complexes, range between 384-392 Ma (Dallmeyer and Oil Ibarguchi, 1990; Peucat et aI., 1990; Dallmeyer et aI., 199 I) , and are interpreted as the age of accretion of the ophiolite beneath the overlying unit. The uppermost units are interpreted as a compos ite, far-travelled terrane (Arenas et aI., 1986) . (Martinez Catalan et aI., 1984). Some were affected by high-P, high-T metamorphism that was dated at ca. 390-400 Ma using U jPb-SHRIMP methods (Schiifer et al., 1993) . Other sectors display a pro grade metamorphism of greenschist to amphibolite facies. Some post-high-P events are of extensional character (Martinez Catalan and Arenas, 1992; Are nas and Martinez Catalan, 1993) . Both emplacement of the ophiolitic units and the high-P metamorphism of the basal units are probably related to conver gence and collision of the Gondwana margin and the composite terrane represented by the Uppermost Units. This collision has recently been described by Martinez Catalan et al. (1996) and resembles the model proposed by Platt (1986) for the dynamic evolution of orogenic wedges.
Field relationships of the eclogitic bodies
The regional fabric in the Agualada Unit is a gneissic foliation; in part it reflects deformation un der amphibolite facies conditions but continued dur ing greenschist facies metamorphism (Abati, 1994) . Well-preserved eclogitic masses occur as isolated bodies within the orthogneisses of the Agualada Unit. They are found as centimeter to meter sized boudins, black or dark green in color, intensely amphibolitized on their outer margins. They are de rived from dikes or basic sills that were emplaced prior to Variscan deformation, probably during bi modal magmatism connected also with genesis of the orthogneisses of the basal units (Gil Ibarguchi and Ortega Girones, 1985) . Leucosomatic regions that consist of quartz, plagioclase and centimeter-sized grains of kyanite are typically observed along boudin margins, particularly in necked regions. The cores of the boudins preserve fine-grained granoblastic to grano-nematoblastic eclogites. In the latter, a syneclogitic foliation (S 1) is defined by the orienta tion of omphacite and rutile grains. Where deforma tion is more intense, the regional external schistosity seen in the gneisses also affects the eclogite boudins, producing amphibolitization. This observation sug gests that the regional schistosity of the Agualada Unit is linked to decompression.
Petrography of the eclogites
The eclogites of the Agualada Unit are fine grained, and contain omphacite + garnet + quartz + rutile ± zoisite. Textures vary from grano-nematob lastic to isotropic. Grano-nematoblastic types display a planar fabric defined by the orientation of om phacites, rutiles and many idiomorphic garnet por phyroblasts ( Fig. 3a and b) . In contrast, isotropic eclogite samples show a honeycomb-like texture that arises from coalescence of numerous atoll garnets ( Fig. 3c and d) . Nonatoll garnets (0.25-1 mm in diameter) are clear, with a few inclusions of clinopy roxenes, quartz, and rutile in their cores. The atoll garnets (0.3-2 mm in diameter across the filled core) are generally idiomorphic, in both their outer and inner rims. In less retrogressed eclogites, these gar nets contain inclusions of a first generation of clinopyroxene. In retrogressed samples, this clinopy roxene reacts with garnet to form secondary clinopy roxene, hornblende, plagioclase and quartz. Honey comb-like textures are interpreted in two ways: (1) pro grade growth of garnet at the expense of pre-ex isting minerals, by means of segregation from reac tion coronas (Lasnier, 1977) , or by nucleation and growth from triple junctions (Wit and Strong, 1975) ; (2) partial replacement of garnet cores by retrograde reactions that leave a neoblastic aggregate in the interior (Rast, 1965) . In other eclogites of the basal units, honeycomb-like texture has been interpreted to reflect the latter (Van der Wegen, 1978; Gil Ibar guchi and Ortega Girones, 1985) . However, in the eclogites of the Agualada Unit this texture appears to have originated from the former mechanism, for two reasons. First, both the outer and inner rims of atoll garnets are idiomorphic. Second, the clinopyroxene inclusions in the such garnets are not a product of their retrogression.
In summary, two generations of eclogitic clinopy roxenes have been differentiated in the Agualada eclogites: (1) type I clinopyroxene (0.2-0.9 mm in diameter) which is included in atoll and idiomorphic garnets ( Fig. 3E ) and (2) type IT clinopyroxene (gen erally < 1 mm), which are elongated tabular crystals that define the matrix foliation of the eclogite ( Fig.  3a and b) .
Amphibolite-facies retrogression initially devel oped a clinopyroxene-plagioclase symplectite in the eclogitic clinopyroxene ( Fig. 3h ; symplectite I), and a more-or-Iess simultaneous growth of tabular clinopyroxenes, darker in color than clinopyroxene I or Ill; all these secondary clinopyroxenes will be designated as type III clinopyroxene. Symplectite I consists of relatively coarse grains, which suggest it crystallized at relatively high temperature (Vogel, 1967) . These are replaced by symplectite 11 consist ing of clinopyroxene III + plagioclase ± hornblende. Textures of plagioclase and hornblende (brown to green in color) indicate their secondary nature. They appear in kelyphytic coronas around garnet, intersti tial to garnet and clinopyroxene, and also in sym plectites 11. Highly retrograded samples display a characteristic texture of poikiloblastic hornblende and plagioclase which contain inclusions of garnet, rutile and quartz. Greenschist-facies assemblages are preserved only in late shear zones. These consist of albite, chlorite, epidote, actinolitic amphibole, sphene and quartz. Thus, the mineral assemblages and textures of these rocks indicate three main metamorphic stages: of eclogite, amphibolite and greenschist-facies (Fig. 4) .
Mineral chemistry
Chemical analyses of minerals from 9 eclogite samples were carried out with a Camebax automatic microprobe equipped with four spectrometers at the Universite des Sciences et Techniques du Languedoc (Montpellier 11). The operating parameters were: 10 s counting time, 15 kV accelerating voltage, 10 nA beam current, and an approximately 2 JLm beam diameter. Calibration was against BRMG (French Geological Survey) standard minerals, and the ZAF correction procedure was used. Detailed analyses were performed for all the minerals, giving special attention to the micro-inclusions in the garnet and the development of compositional zoning. Only gar net has significant zoning. Tables 1-5 have represen tative chemical analyses.
Garnet
Common end members were calculated in garnets using Fe 2 + /Fe 3 + ratios estimated by charge-balance method on a stoichiometric sum of cations. The idiomorphic nonatoll garnets are almandine rich, with pyrope rich rims and central zones high in grossular component. The mean composition of garnet cores is Aim 47 Grs 3 0P rp lS Adr3SpS 2 , whereas that of the rims is Alm4 S . 5 P rp3 0 Grsl S Adr3Sps O . 5' Compositions of garnet cores project into the field for type C eclogite garnets, whereas the rims plot at the boundary be tween type B and C fields (Fig. 5) . ldiomorphic garnet grains show pronounced com positional zoning, with an increase in Mg-contents and decreases in Mn and Ca-contents from core to rim. Such features are generally interpreted to reflect growth zoning (Hollister, 1966; Tracy, 1982; Frost and Tracy, 1991) . Detailed zoning profiles reveal a central region enriched in Mg, an intermediate zone in which minimum values of X Mg are reached, and a gradual increase of Mg-values towards the rim (Fig.  6 ). Mn and Ca-contents decrease towards garnet rims. Fe-contents and Fe /(Fe + Mg) show an in verse relationship to Mg-contents (Fig. 6) . In some garnet grains, a reversal of these zoning trends can be seen in the outermost parts of garnet rims (20-50 JLm further out). This is interpreted to reflect retro gressive diffusion. Such retrogressive overprints (Spear, 1991) . The atoll garnets are homogeneous and show compositions similar to those of retrograded rims in larger garnets, suggesting that they were wholly affected by retrogressive re-equilibria, probably due to the thinness of their walls. Small euhedral, non atoll garnets, less than 0.2 mm in diameter, are also homogeneous, with similar retrogressive composi tions.
Clinopyroxene
The Fe 2 + /FeH ratio was estimated by charge balance after assumption of stoichiometry, and clinopyroxene end members were calculated using the method of Cawthom and Collerson (1974) . These molecular compositions (with maximum jadeite con tent) have been used in the thermobarometric calcu- Kushiro (1962) for the calculation of end members was preferred, since with the frrst procedure zero contents in acmite were always obtained for these clinopyroxenes, whereas with the second, variable contents are ob tained (max. 12.6 mol%), which probably provides a more realistic plot. Clinopyroxene I grains show the largest amounts of jadeite component, from Jdl9 to Jd4o• with an average composition of Jd26Ts7W030En2gFs9' The maximum jadeite contents appear in grains within completely closed atol1 garnet grains, or in small crystals included in the cores of idiomorphic garnets. Minimum jadeite contents are typically observed in crystals in contact with the matrix, which suggests that such grains may have re-equilibrated. Some grains display weak compositional zoning, in which jadeite content decreases between core and rim ( diopside (Essene and Fyfe, 1967; Rossi, 1988) (Fig.  7 A and B) ; whereas clinopyroxene III is sodic diop side (Fig. 7C ). There is, therefore, a compositional evolution from clinopyroxene I to clinopyroxene Ill , with a slight decrease in jadeite contents (Fig. 7D ) and increase in XFe (Fe/(Fe + Mg».
Amphibole
The structural formulae were calculated by assum ing total cations equal to 13 (except Ca, Na and K) (Leake, 1978; Spear and Kimball, 1984) . Composi tions of brown calcic amphibole grains are tscher makitic hornblende, pargasite and Mg-hastingsitic hornblende. Their relatively high Ti02 and Al203 contents and moderate Na(A) and Na(M4) contents, suggest a relatively high crystallization temperature at intermediate pressures. Green Ca-amphibole dis play Mg-hornblende compositions. These grains show lower contents of Ti02, Al203 and Na20, and higher contents of Si02 with respect to brown am phibole.
Plagioclase
Different textural types of secondary plagioclase were analyzed. All are of a low K 20-content (Or = 0-1.5 mol %). Plagioclase from symplectites with clinopyroxene or in fine grained coronas around garnet are oligoclase, ranging from Ann to An22. Plagioclase that occurs as poikiloblasts in the matrix, and which contains inclusions of garnet and rutile, ranges in composition from An9 to An!3'
Epidote-group minerals
Zoisite and clinozoisite grains in the matrix and later epidote in veins and fracture zones were ana- lyzed. The zoisite and clinozoisite from eclogite and amphibolite matrixes are found as prismatic crystals. They show compositions characteristic of almost pure
Al end members (pistacite < 5 mol%). In contrast, epidote grains from late veins and fractures display contents of pistacite from 22 to 24 mol%.
Fe-Ti oxide minerals
Fe3+ contents and molecular norms were calcu lated according to the method of Rumble (1973) .
Petrographically identified rutile grains are almost pure Ti02• The opaque minerals which surround some rutile grains are ilmenite (ilmenite = 86-96 mol%), with pyrophanite (Mn-ilmenite) contents ranging between l.5-2.5 mol%. Opaque matrix crys tals of ilmenite contain less pyrophanite component than those that surround rutile grains. Hematite crys tals appear to be texturally later than matrix ilmenite, and related to an increase in the f02; the presence of epidote in the retrograde assemblages seems to indi cate the same.
6. Mineral assemblages and chemical equilibrium 6.1. Eclogite-facies stage: Mineral assemblages with
The eclogite mineral assemblage of omphacite + garnet + quartz + rutile ± zoisite represents a more or-less prolonged tectonothermal evolution. Two events are recorded by this assemblage. The first is represented by inclusions of clinopyroxene I, rutile and quartz in cores of garnet grains. A later assem blage consists of matrix clinopyroxene Il and the maximum XMg contents of garnet (prograde rims).
Early eclogite mineral assemblage
Cores of garnet grains show two chemically dis tinct zones: (1) a central region enriched in XM g , and (2) an intermediate zone in which X M g decreases to a minimum value (Figs. 6 and 8) . We interpret this discontinuous zoning to reflect two parageneses that formed prior to crystallization of clinopyroxene II:
(A) Clinopyroxene I + garnet (central region) + quartz + rutile; (B) Clinopyroxene I + garnet (intermediate zone.
min. XM g ) + quartz + rutile.
Only one composition of c1inopyroxene I was considered, because crystals only reveal slight zon ing, with rims somewhat poorer in Na20 and also a slight decrease in Fe/(Fe + Mg).
Late eclogite mineral assemblage
This assemblage consists of matrix c1inopyroxene II and garnet rims that contain maximum X Me . Textural relationships between c1inopyroxene and garnet, which, when not affected by retrogressive reactions consist of sharp grain boundaries, suggest that chemical equilibrium was reached. We interpret this assemblage to reflect the paragenesis: (C) Clinopyroxene IT + garnet (prograde rim, max.
Amphibolite1acies stage
Amphibolite-facies assemblages appear to replace the eclogitic assemblages. They also record the earli est development of regional foliation in the Agualada Unit. Two amphibolite-facies parageneses reflect lo cal chemical equilibria: (1) garnet rims and amphibo lite-facies clinopyroxene and (2) garnet rims and hornblende:
(0) Clinopyroxene 1lI + garnet (retrograde rim)
(E) Garnet (retrograde rim) + green amphibole + plagioclase (An9-An13) + clinozoisite + quartz + ilmenite.
Mineral assemblage (E) postdates the older, higher grade, paragenesis (0).
Greenschist-facies stage
A greenschist-facies assemblage is found only in narrow shear bands and veins. It consists of: (F) Actinolitic amphibole + chlorite + epidote + albite + quartz + sphene.
Thermobarometry
Two eclogite samples that show representative garnet profiles (UA-16 and UA-17; Fig. 6 ) and all three types of clinopyroxene were studied in detail, along with a third sample (UA-7) that lacks clinopy roxene I. The P-T conditions of the amphibolite facies assemblages were estimated from observations in eight samples.
In the determination of P-T paths in complex metamorphic rocks, as in the case of eclogites, sig nificant uncertainties result from the choice of equi librium assemblages for geothermobarometric esti mates. Thence, the mineral assemblages defined in the Agualada eclogites were firstly selected on the basis of textural and thermodynamic compatibilities. Recurrence in different samples of P-T determina tions for a given mineral assemblage was considered an additional evidence of chemical equilibrium. In the different samples of the Agualada Unit eclogites, the thermobarometry of the eclogite-facies mineral assemblages provides consistent results within a rather limited P-T range. Nevertheless, P-T esti mations for the amphibolite-facies assemblages yield scattered results, indicative of less well constrained eqUilibrium conditions, which must be essentially considered as reference values.
1. Eclogite-fa cies stage
The garnet-clinopyroxene geothermometer, as calibrated by Raheim and Green (1974) , Ellis and Green (1979) , Powell (1985) and Krogh (1988) , was used to deduce P-T conditions of this stage. The highest temperatures were calculated with the cali bration of Ellis and Green (1979) , but those consid ered most consistent with the general evolution of the eclogites were obtained with the calibration of Krogh (1988) , which gave temperatures somewhat lower than the other methods. This geothermometer was used in combination with the barometer of Holland (1980 , based on the albite = jadeite + quartz reaction. The absence of plagioclase in the eclogitic parageneses indicates that these pressures are minima.
1.1. Assemblages A and B
For assemblage A, eqUilibrium conditions of T = 578-590°C and P> 12-13 kbar were obtained. For mineral assemblage B lower P-T conditions of T= 485-508°C and P> 11-12 kbar were calculated. The consideration of core or rim compositions of clinopyroxene I in mineral assemblage B, does not significantly modify the lower P-T conditions de duced for this episode. Therefore, considering the slight and non-systematic nature of zoning in clinopyroxene I, core compositions were always used, both in assemblages A and B.
7.1.2. Assemblage C Peak temperatures for mineral assemblage C were calculated using clinopyroxene IT-garnet (prograde rim) pairs. For assemblage C equilibrium conditions of T= 655-736°C and P> 12-14 kbar were ob tained. These relatively high temperatures are consis tent with the field relationship of eclogite boudins within gneisses that displays migmatization. They also support a cofacial relationship between the eclogites and their gneissic host. P -T data obtained for the different eclogite-facies mineral assemblage are plotted in Fig. 9. 7.2. Amphibolite-fa cies stage 7. 2.1. Assemblage D Temperature was calculated using the garnet clinopyroxene (Krogh, 1988) and garnet-hornblende (Graham and Powell, 1984) thermometers. By apply ing the first thermometer to garnet (retrograde rim) and clinopyroxene III (including all the secondary textural types), a wide dispersal of values (492-740°C) was obtained, probably indicating a local lack of equilibrium between these minerals. Taking into account that in the amphibolite-facies clinopy roxene is only stable at relatively high temperatures, values below 600°C were not considered as represen- [ative. The garnet-hornblende thermometer gave rather lower temperatures (595-679°C). In order to estimate the pressure, three geobarometers were used: jadeite content of the clinopyroxene (Holland, 1980 (Holland, , 1983 ; garnet-amphibole-plagioclase-quartz (Kohn and Spear, 1989) ; and garnet-rutile-ilmenite anorthite-quartz (GRIPS) (Bohlen and Liotta, 1986 ). Fig. 10 shows the straight lines that these barometers define with their maximum dispersal and their inter section with the thermometers. The region of maxi mum overlap of the barometers in the range of temperatures considered defines a polygon centered at T = 680°C and P = 11.4 kbar. Consistent results, though in the lower part of the range given by other barometers, were obtained with the Grt-Cpx-PI-Qtz barometer (Moecher et aI., 1988) . For the T interval of the amphibolite-facies stage, P determinations cluster around 8-9 kbar, without significant differ ences between clinopyroxene III-bearing granoblas tic and symplectitic assemblages.
7.2.2. Assemblage E Temperature was estimated using the garnet hornblende thermometer (Graham and Powell, 1984) on green amphibole-garnet retrograde rim pairs, and temperatures generally ranging between 629 and 719°C were obtained. Some temperature values ob tained with this thermometer were too high (above 830°C), thus inconsistent with the petrographic ob servations and suggesting the existence of local dise qUilibrium. Pressure was calculated with the garnet-amphibole-plagioclase-quartz barometer of Kohn and Spear (1989) , giving as a result a polygon centered at 675°C and P = 7.2 kbar (Fig. 10) .
Graham and Powell (1984) point out that in the eclogitic amphibolites there is generally no equilib rium between garnet and amphibole. In this case, the composition of the garnet retrograde rims was used, assuming that re-equilibration was established be tween this mineral, hornblende and clinopyroxene. Hence, it is considered that results obtained in this way, excluding those which clearly indicate disequi librium of the considered pair of minerals, can be essentially representative of the conditions under which the decompression of the eclogites occurred. The results of the thermobarometry for the amphi bolitic stages should, therefore, be considered with some caution.
P-T path and tectonic interpretation
The final part of the eclogite P-T path must cross the stability field of andalusite, because this is a characteristic mineral of contact aureoles around late-tectonic plutons that intrude the basal units. Moreover, the Agualada paragneisses, cofacial with the eclogites, display kyanite and biotite as part of a decompressive foliation, but lack sillimanite; hence, the path must not cross into the sillimanite stability field. The P-T path obtained with thermobarometry reveals a complex eclogitic evolution and a subse quent, almost isothermal decompression (Fig. 11) . The preserved syneclogitic P-T path begins with a T ( OC) Fig. 11 . P-T path de duced for the Agualada Unit eclog ites. The obtaine d results from thermo barometry are also shown, do ts and confidence polygons being used fo r the eclogite and the am phibolite-fac ie s stages, re spectively. Sta bility of the Al2 Si03 polymorphs according to Holdaway (1971) ; isopleths of jadeite molecular content in the clinopyroxene according to Holland (1980 Holland ( , 1983 ; melting curve of wet grani tic compositions according to Luth et al. (1964) .
first metamorphic event (T =-585°C; P> 12-13 kbar), followed by a significant cooling (T =-500°C) probably with slight decompression (p > 11-12 kbar), and a subsequent slightly compressive thermal progradation, which defines the P-T path to the metamorphic peak (T = 700°C; P> 12-14 kbar)
w Km (Figs. 9 and 1 I) . However, the P-T evolution de duced for the ec1ogite-facies stage is affected by some uncertainty, which arises from the minimum character of the pressures obtained with the ec10gitic mineral assemblages. Nevertheless, in accordance with the low influence of P on the garnet-c1ino- pyroxene thermometer (Ellis and Green, 1979; Krogh, 1988) (Fig. 12) . The intense thickening generated in the orogenic wedge was compensated by extensional detachments, which define many of the main tectonic boundaries between units in the Ordenes Complex (Fig. 12 ).
The Agualada Unit was thrust over a high-P unit with a lower-T metamorphic evolution, the Santiago Unit. Its eclogites were metamorphosed at conditions of T= 495°C and P> 14.7 kbar (Arenas et al., 1995) . This suggests that eclogite-facies cooling of the Agualada Unit may have been caused by under thrusting of the cooler Santiago Unit, which should have induced a temperature decrease in the hanging wall (Davy and Gillet, 1986) . Also according to this model, the thermal disturbance induced in a unit by the underthrusting of another is more efficient when the thickness of the upper unit is low, as is the case of the Agualada Unit. The subsequent increase in temperature recorded by garnet rims and clinopyrox ene IT may reflect the emplacement of the Agualada Unit directly under the mantle wedge, which should create an inverted metamorphic gradient (Toksoz et aI., 1971; Peacock, 1990; Peacock et al., 1994) . The thermal disequilibrium between the Agualada Unit and the overlying mantle wedge must have favored conductive heat transfer, probably sufficient to ac count for the intense heating produced in the unit after imbrication, which led it to reach the thermal peak while still under eclogitic conditions. This may explain why the Agualada Unit displays high-P, high-T mineral assemblages, in contrast to the high P, low-to moderate-T conditions manifested elsewhere in the basal units (Malpica-Tuy Unit, Gil
Ibarguchi and Ortega Girones, 1985; Santiago Unit, Arenas et al., 1995; LalIn and Forcarei units, Martinez Catalan et al., 1996) . In accordance with the deduced P-T path, the heating induced by the mantle wedge probably was accompanied by slight pressurization, suggesting that burial continued in both units during a certain time after their imbrication, perhaps until the accretion of new units at the base of the pile
(through continued underplating) ended in the block ing of subduction and the general uplift of the high-P units, in accordance with the model presented in Fig. 12. In detail, the general evolution of the orogenic wedge, of which the Agualada Unit is part, fairly accurately reproduces the dynamic model proposed by Platt (1986 for the Alps.
The fact that post-eclogitic decompression occurs with no increase in temperature, but rather following a slightly retrogressive path (Fig. 11) , suggests that uplift of the unit cannot be explained only by the effect of erosion, and that participation of some tectonic mechanism must be considered. The pres ence of a system of widespread extensional detach ments in the Ordenes Complex suggests that this mechanism must be syncollisional (Arenas et al., 1995; Martinez Catalan et aI., 1996; Fig. 12 ). The final part of the path is fairly close to isobaric cooling, also compatible with uplift models con trolled by extensional tectonics (England and Thompson, 1984; England, 1987) .
Some theoretical models developed for the tectonothermal evolution of accreted units in oro genic wedges are difficult to confirm from real tec tonic and petrological data, especially those concern ing subducted units. This is mainly caused because of the general overprinting of the high-P mineral assemblages, which only allow their conservation in localized sectors, and also because of the complex evolution of orogenic wedges, whose extensional regime generates faults which usually cut the high-P units, hindering in many cases the conservation of primary relationships. The tectonothermal evolution of the Agualada Unit in general confirms parts of the models of Davy and Gillet (1986) and Platt (1986 . Refrigeration by the underthrusting of coIder units may play a major role in the geometry of the P-T path and in the subsequent thermal evolution of thin units. Furthermore, the successive underthrusting and compensatory extension above seem to be able to maintain a moderate temperature in an ac creted complex, helping to preserve high-P assem blages.
